Materials and Methods

In situ synchrotron powder diffraction data collection
In situ high-gas pressure diffraction data in a neon atmosphere were collected using the monochromatic X-rays available at the 17-BM (0.72768 Å) beamline (300 μm diameter beam size) at the Advanced Photon Source, Argonne National Laboratory in combination with a Perkin-Elmer amorphous-Si flat panel detector. Each MOF sample was loaded into a 1.0 mm Kapton capillary with glass wool on either side. The capillary was then loaded into the gas flow-cell (21) , with a thermocouple inserted just at the edge of the packed sample, to perform in situ PXRD experiments. At one end the gas cell was connected to a two-way valve which allowed changing between a 1 atm helium flow and a high pressure syringe pump (Teledyne ISCO 500D) which was filled with neon gas. The measurement procedure included several steps as outlined below.
Activation of MOF samples
The crystalline samples of PCN-200 and NiMOF-74 were kindly provided by Dr Mario Wriedt (Clarkson University) and Dr Hongcai Zhou (Texas A&M University), respectively. Ultra-high purity (UHP) neon gas was supplied by Airgas.
Activation procedures for both PCN-200 and NiMOF-74 for in situ powder diffraction measurements have been established previously and very similar conditions were used for this experiment as those described before (14, 20, 22) . Furnace elements were bolted onto the gas cell above and below the capillary and computer controlled throughout the process of MOF activation. Helium gas was allowed to flow through the capillary and sample at 10 mL/min. Meanwhile, the temperature was ramped from ambient temperature (approximately 295 K) to 373 K for PCN-200 and to 498 K for NiMOF-74 at 20 K/min. In the case of PCN-200 we heated the sample at the activation temperature for 5 minutes and then cooled down to room temperature, while in the case of NiMOF-74 the sample was held at the activation temperature for more than 6 hours.
During the course of activation of PCN-200, the phase change corresponding to water loss from the pores of the PCN-200 was clearly observed (Fig. S1 ). This was used as an indicator of a successful activation procedure (14, 22) . NiMOF-74 does not undergo a phase change upon activation and no shifting of the diffraction pattern was observed. However, the following Rietveld analysis of the heated sample confirmed that there is no major difference electron density (ρ max /ρ min = 0.06/-0.08 eÅ-3) present in the pores (Fig. S2 ).
Neon gas loading experiments
After activation of each MOF sample, the gas flow cell was connected to the syringe pump and helium gas in the capillary was exchanged with a neon flow for 10 minutes. The furnace elements were removed, and the Oxford Cryosystems Cryostream 700 plus was installed above the capillary. The flow-cell/syringe pump system was sealed and neon gas pressure was increased to 5 bar. The temperature and pressure of the sample was computer controlled during the entire gas loading experiment. Powder diffraction images were recorded at increments of 5 bar, while the gas pressure was raised from 5 bar to 100 bar and then released back to 5 bar. This pressure cycle and PXRD data collection was performed for both PCN-200 and NiMOF-74 at three different temperatures 295K, 200K and 100K.
Data Processing
The raw images were processed within GSAS-II (24), refining the sample-to-detector distance and tilt of the detector relative to the beam based on data obtained for a LaB 6 standard (24) . Collected and integrated in situ powder diffraction data sets were trimmed, normalized and plotted using 2DFLT software (25) (Figs. S3 and S4). There was no significant peak position change during the neon loading and unloading processes at all temperatures, indicating that there was no crystallographic phase transition. At the same time it was evident that relative peak intensities in patterns were changing slightly corresponding to the incorporation of Ne atoms into the crystallographic lattice.
In the case of the PCN-200 experiment at 100 K we also noticed the appearance of new peaks (near 2θ = 3°) towards the end of the pressure cycle corresponding to the nonactivated phase of the MOF (Fig. S3 ). This indicates some small air exposure of the system at 100 K temperature during depressurization. We did not observe the same effect in case of the 295 K or 200 K experiments, however in our structure analysis we have excluded data from the depressurization half-cycle for all PCN-200 samples.
Details for the Rietveld refinements
The unit cell dimensions, the relative intensities of peaks and the structural parameters of the MOFs were evaluated by Rietveld fits to the diffraction data within JANA2006 (25) . The Rietveld refinement was performed for the pattern corresponding to 100 bar neon pressure in each data set (patterns #19 on Figs. S3 and S4), using unit cell and structural parameters for PCN-200 and NiMOF-74 found previously (21, 14) . These initial refinements were performed using the empty MOF framework coordinates only. These initial refinements studies were performed for the purpose of difference Fourier map generation.
The bond lengths and angles for the organic ligands were assumed to be minimally effected by neon pressure and were refined as a combination of rigid bodies and multiple bond length and bond angle parameters. The isotropic atomic displacement parameters of the light atoms (carbon, nitrogen, oxygen) in the organic ligand moieties were set to be equal and subsequently refined. In case of NiMOF-74 refinements, the isotropic atomic displacement parameter of the nickel atom was also coupled with U iso of light atoms. After the best refinement parameters were reached, F obs -F calc densities were calculated and corresponding maps were plotted using the VESTA (27) software package (Figs. S5 and S6 ). After determination of the Ne atom positions from difference density maps, Ne atoms were introduced into a structural model. Positions and occupancies of the Ne atoms were refined freely, but the isotropic displacement parameters were set to be three times that of the U iso of the ligand atoms. Crystal data and structure refinement parameters for 100 bar neon pressure patterns (number 19 on Figs. S3 and S4) are reported in Tables S1 and S2. The final Rietveld plots for these patterns are reported in Figs. S7 and S8.
After satisfactory refinement parameters were reached, patterns with numbers from 18 to 1 for PCN-200 (Fig. S3) and from 18 to 1 and 20 to 39 for NiMOF-74 (Fig. S4) were refined sequentially. The quality of the refinement was monitored by comparing R p , R wp and GOF (Figs. S9 and S10 ).
In the case of the PCN-200 refinements for the 200 K and 100 K experiments it was found that Ne occupancies were not refining to convergence and produced unreasonable results. In these cases we sequentially re-refined the data using the structural model of the empty MOF and then calculated F obs -F calc densities for each pressure step. From these densities we found values of difference densities Δρ max at the Ne1 and Ne2 positions. After plotting their ratio (Δρ max (Ne2)/Δρ max (Ne1)) vs pressure we found that the ratio has a very linear dependence (Fig. S11) . We assumed that the Δρ max ratio should be equal to the ratio of the Ne atom occupancies (n) at each position, as represented by the equation below:
Hence, in our final sequential refinements of the 100 K and 200 K experimental data for PCN-200 we used following equation to calculate occupancy at Ne2 position:
where P is the neon gas pressure in bar, k and b are linear fit coefficients in accordance with Fig. S11 .
Structure analysis
Crystal structures were visualized and analyzed using the program Mercury version 3.8 (28) and the same software was used in combination with POV-Ray (29) for the generation of structural figures throughout. Tab. S1. Refinement and crystal structure details from Rietveld fits for PCN-200 at 100 bar of neon pressure. 
